Introduction
The United Nations defines elderly as those aged 60 years old and above, and the definition also applies to the Malaysian population as stated in the National Policy of the Elderly. 1 The aging phenomenon is common around the world, and the aging population continuously increases in number from time to time. It is estimated that in between 2015 and 2030, the population will grow by 56%, from 901 million to 1.4 billion, and by 2050, the population will grow more than double its size in 2015 which could possibly reach up to 2.1 billion. 1 In Malaysia, however, the department of statistics reported that 8.2% of the population were accounted as elderly in 2012, and by 2030, it is expected that Malaysia will be one among the aging nations with older population reaching about more than 15% of the total Malaysian population. 2 This rapid demographic transition was found to be due to several factors, such as declining fertility rates, lower infant mortality, and increasing survival at older age. 3 Thus, as this aging population grows from time to time, it is crucial to attend issues related to this group. Health, independency, and quality of life of elderly depend on their nutritional well-being. 4 Therefore, early prevention, identification of high-risk individuals, and appropriate interventions should be addressed to this group. 5 This paper reviews the malnutrition and the role of nutritional assessment tools among the hospitalized elderly population.
Methods
A literature review was done by using six databases, namely, PubMed, Elsevier, ScienceDirect, Google Scholar, SpringerLink, and ClinicalKey. Publications between 2007 and 2016 in the English language were used for this review. The terms used to search the related articles were "malnutrition", "hospitalised elderly", "nutritional assessment", "Mini Nutritional Assessment (MNA)", "Geriatric Nutrition Risk Index (GNRI)", and "Subjective Global Assessment (SGA)". The full articles were obtained if their abstracts explained on malnutrition referring to undernutrition, factors and effect of malnutrition, nutritional screening and assessment, or validity and comparison of nutritional assessment tools within the context of hospitalized elderly population.
Discussion elderly and malnutrition
Cancer, heart disease, dementia, and other morbid conditions are found to have a relationship with the nutritional status of the elderly aged 65 years and above. 6 Aging process is believed to be one of the causes of malnutrition, which eventually affects the nutritional status of the elderly. 7 The American Society for Parenteral and Enteral Nutrition (ASPEN) defined malnutrition as an acute, subacute or chronic state of nutrition, in which varying degrees of overnutrition or undernutrition with or without inflammatory activity have led to a change in body composition and diminished function. 8 According to this definition, malnutrition can be referred to as both over-and undernourished. Although the prevalence of overnutrition among elderly in the developing countries is increasing due to their adverse development and changes in the eating habit of the elderly, undernutrition, in general, is still the main issue of concern. Therefore, within the context of this review, malnutrition refers to undernutrition unless otherwise specified.
Prevalence of malnourished hospitalized elderly
The prevalence of malnutrition across the world, even in the well-developed countries including the US, shows an increasing trend from time to time. 9 In Asia however, it was found that a ranged of 16%-78% of hospitalized elderly are malnourished (including those at risk of malnutrition) in between 2005 to 2012. 9 This percentage range is similar to that in the UK, where a study showed that 29%-61% of hospitalized elderly are malnourished, 10 while another study stated that the UK has 58% of malnourished hospitalized elderly.
11
Regarding Malaysia, the prevalence of malnutrition among the elderly population, in general, is similar to other countries. A study conducted in Malaysia showed that among 181 subjects, 55.2% were malnourished of which 18.0% of the subjects had a body mass index (BMI) of ,18.5 kg/m 2 . In addition, based on the anthropometric measures on the body composition of the patients, it was found that 16%-26% of the subjects had muscle wasting. 12 Meanwhile, a local study in another hospital in Malaysia had found that 21% of elderly patients are malnourished as shown by the Global Indicator of Malnutrition (GIM).
13 Tables 1 and 2 show the summary of the recent studies on the prevalence of malnourished elderly internationally and in Asia, respectively.
The difference in the prevalence of malnutrition across the world as stated in Tables 1 and 2 may be due to different 
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Nutritional assessment tool for malnutrition in hospitalized elderly criteria used to identify malnutrition and its risk. Internationally, the prevalence of malnourished hospitalized elderly is ranging from 11% to 45%, while the latest local data show that the prevalence of hospitalized elderly continues to increase.
14 Thus, malnutrition is common among hospitalized elderly and has always been underestimated, underdiagnosed, and undertreated, both locally and internationally. Nevertheless, to formulate the health care system and to protect the elderly population from the risk of poor health and malnutrition, evidence-based information on their nutritional status is indeed important. 15 Awareness on malnutrition among hospitalized elderly is crucial to provide care as its prevalence continues to increase from time to time, and in addition, nutritional care policies should be adapted. Thus, obtaining latest data on prevalence of malnutrition among hospitalized elderly is always important as it can give an overview of the extent to which this issue has currently become a burden to this population. Moreover, the need of health services for this population can be determined if these data are available which can also help in assessing the effectiveness of current actions that are being undertaken. It is believed that this will not only improve the outcome but also ensure a continuum of care and avoid progressive deterioration of nutritional status.
Causes and effects of malnutrition in elderly
The aging process is believed to be one of the causes of malnutrition, which eventually affect the nutritional status of 
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Abd Aziz et al the elderly. 7 It is also believed that the association between food insecurity and various social, physiological, and health changes that occur with aging is the cause of malnutrition among the elderly population. 16 The process of aging will cause various body changes, which may or may not affect the nutritional status of the elderly. Common problems faced by this group are the loss of bone density and sarcopenia. Loss of bone density will increase the risk of osteoporosis. Sarcopenia is related to loss of muscle mass that will lead to further accumulation of fat in an individual, and it can be seen even in a healthy person. It can be identified when further assessments are done, whereby loss of strength, functional decline, and poor endurance can be seen in an individual affected with sarcopenia. Furthermore, changes in the digestive system also occur with aging. A reduction in the gastric acid secretion, which causes limited absorption of iron and vitamin B-12 and decreased saliva production, will lead to slower peristalsis and constipation. Sensory changes will lead to dysregulation of appetite and thirst. Sensory changes may also make the food less appealing, and the elderly might have difficulties to cook and eat normally as their vision declines. 17 These changes may affect the nutritional status of the elderly causing an increase in the risk of falling ill and malnourishment.
Despite these factors, malnutrition itself can be the cause of illness as it is related to many health problems. Malnutrition can lead to poor immune function making an individual prone to infections, poor wound healing, and muscle weakness, which might later cause falls and fractures. Nutritional status of the elderly further deteriorates as malnutrition itself causes further disinterest in eating or lack of appetite. 17 Generally, malnutrition is caused not only by the process of aging itself but also by the combination of various social, physiological, and health changes that occur with aging, income constraint, limited food insecurity, lack of social contact, and depression. However, malnutrition is still under-recognized, resulting mostly in deprived nutritional status, morbidity, prolonged hospitalization, increased health care cost, and reduced quality of life among the elderly population. 16, 18, 19 Thus, management and prevention steps to overcome the deterioration of the health and well-being among the elderly are crucial, and nutritional screening and assessment are important to be carried out.
Nutritional screening and assessment tools
Accurate identification of malnourished patients using a structured assessment and documentation of the patients' nutritional status will allow sufficient attention and intervention to be given. The demand on this issue has led the researchers to validate better nutritional screening and assessment tools from time to time. Failure to recognize and lack of awareness have resulted in the high prevalence of malnutrition, which leads to poor identification, documentation, and intervention for combating malnutrition, causing prolonged hospitalization due to delayed recovery of the elderly patients.
5 Tables 3  and 4 show the common nutritional screening and assessment tools used in Asia based on the previous systemic review, respectively. 9 The nutritional screening and assessment tools presented in Tables 3 and 4 , respectively, have been well validated. A nutritional screening tool that has a high sensitivity will allow further diagnosis of malnutrition and appropriate intervention to be done, while a nutritional screening tool with a high specificity will reduce the risk of overtreatment of malnutrition, especially to those who do not need it. 13 A recent local study had proven that Malnutrition Universal Screening Tool (MUST) has similar validity levels as Malnutrition Screening Tool (MST) among the hospitalized adult patients, but MUST had been shown to have a higher reliability result as compared to MST and it is recommended that MUST should be used in identifying the high-risk malnourished patients. 20 Malnutrition Risk Screening Tool for Hospital (MRST-H) is however developed locally in 2012, and it shows a moderate sensitivity (0.67) and a high specificity (0.96) using the GIM as the standard reference. 21 Reevaluation of MRST-H using SGA as the standard reference has been done recently, which covered the general hospital in eight states in the Peninsular Malaysia where it showed similar results. Low sensitivity (0.12 and 0.35) and high specificity (1.00 and 0.99) of MRST-H have been found in the study, and thus, to improve this, the authors suggested a new MRST-H cutoff score of 2 points instead of the original cut-off score of 5 points to be used in identifying patients who are at risk of malnutrition. This new cutoff score had been shown to have a high area under the curve value in the receiver operating curve analysis (0.84 and 0.88).
14 The MRST-H using the new cutoff score is recommended as a suitable screening tool for Malaysian hospitalized elderly population.
Meanwhile, in the context of nutritional assessment, SGA and MNA had been listed as the recommended nutritional assessment tool to be used in adults by the Dietitian Association of Australia (DAA). 19 It is suggested that the elderly should have a full nutritional assessment conducted using a tool, such as MNA or SGA. The elderly who has been screened and has been identified to be at risk of malnutrition will then be referred to a hospital nutrition professional 
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Nutritional assessment tool for malnutrition in hospitalized elderly for further assessment. 9 SGA is the common nutritional assessment tool being used in the clinical setting and has been considered as an impressive method to be used as it helps the clinicians identify insignificant changes in clinical variables. 22 It was found that SGA has a high level of interrater reproducibility with 91% of surgical patients classified as malnourished by SGA having two clinicians agreeing on their SGA classification. 22 There is another nutritional tool that has been developed, GNRI. 23 It is an improved version of Nutrition Risk Index (NRI) that was developed specifically for the elderly population. Its validity has been tested from time to time, but not yet in Malaysia.
A variety of nutritional screening and assessment tools have been developed that share the same purposes, which are to reduce the increasing rate of malnutrition and to avoid its complications. Nutritional screening and assessment Scoring is based on two components which are nutrition and disease severity (score of 0-3 based on whether these components are absent, mild, moderate, or severe). The total score ranges from 0 to 6. Consist of parameters which are BMI, recent weight loss, recent decrease in food intake, and severity of illness 
1620
Abd Aziz et al tools have their own importance and roles in detecting and diagnosing patients with malnutrition; however, this review only discusses the uses of nutritional assessment tools.
Uses of nutritional assessment tools among hospitalized elderly
Nutrition assessment is a process of obtaining, verifying, and interpreting the data needed to discover the nutrition-related problems, their causes, and significance. 24 Nutrition assessment is a step that provides the information needed to determine the under-or overnutrition diagnosis and the etiology behind it, and thus, this step is the foundation of the nutritional care process. 24 Nutritional assessment is usually carried out with the help of a nutrition assessment tool, and the malnourished patients identified by the tool tend to have correlation with multiple complications and prolonged hospital stay. 8, 22 The nutritional tool, consisting of a group of assessments that are commonly performed together, is used by medical staff and registered dietitian nutritionist as a diagnostic tool of malnutrition, and it should be well validated to match the population to which it is applied. 24, 25 The multifactorial causes of malnutrition among the elderly have led the researchers to develop a variety of nutritional assessment tools for early identification of the nutrition problems. However, all health care professionals should note that a nutrition diagnosis does not depend only on a single nutrition assessment finding. 24 As defined by the ASPEN, nutritional assessment is a comprehensive approach to diagnosing nutrition problems that use a combination of the following: medical, nutrition, and medication histories; physical examination; anthropometric measurements; and laboratory data. 8 
Subjective Global Assessment
SGA was developed in the early 1980s by Detsky et al. The European Society for Clinical Nutrition and Metabolism (ESPEN) has recommended it as an acceptable assessment tool, and this tool is widely used among surgical as well as clinical patients. 26, 27 Although it has been developed for the general (adult) hospital population, it is widely used among the elderly. 28 The DAA also recommends that SGA can be used in all adults, not specifically in the young or elder adults. 19 SGA is simple, harmless, inexpensive, able to save time, and can be used at the bedside by any health care professional and as well as detect a high nutritional risk; all these advantages have led to the wide clinical use of SGA. However, its accuracy is doubtful whereby the observer's experience is required due to the subjectivity of SGA in detecting the nutritional changes of the patients that may cause the results to be contradictory in a routine health care, especially in teaching hospitals. 29 Even so, a systemic review had been done recently on SGA in which the authors concluded that SGA is a validated tool for nutritional diagnosis and can be used for the early detection of malnutrition among hospitalized patients. 27 Based on the systemic review, SGA is valid to be used for assessing the nutritional status of both surgical and clinical patients. Its performance was found to be similar and even superior to the common methods, such as anthropometry and laboratory data. Most studies on SGA proved that it has the ability to correctly assess the nutritional status and predict the risk of postoperative complications over the years. However, the findings were contradictory in the comparative studies. Most of the studies found that other nutritional tools are more suitable to be used than SGA. They suggested to use other nutritional screening tools or recommended to use SGA in combination with other objective methods to improve its performances. In studies on clinical geriatric population, however, SGA showed favorable results in assessing the nutritional status, but most of those studies suggested to use other nutritional tools, such as MUST and MNA, as the first choice in this population. 27 In Malaysia, SGA is widely used in the hospital setting in all adult populations including geriatric, even though it is not initially developed for this population. Thus, it is crucial to use the nutritional assessment tool that is specifically designed for geriatric population to ensure that the diagnosis of malnutrition is accurate and avoid unnecessary treatment of malnutrition to those who does not need.
Mini Nutritional Assessment
MNA is the most established nutrition screening and assessment tool for the elderly and a good prognostic tool to detect malnutrition in this group. It was developed in 1994, patented under Nestle, and it is an assessment tool designed specifically for the elderly for assessing malnutrition status. The Mini Nutritional Assessment Short Form (MNA-SF), however, had been designed later to provide a more practical tool in view of the original MNA that might be timeconsuming for screening purposes. MNA-SF consists of six items of the earlier part of the full MNA. It is widely used and is readily available in multiple languages, approximately more than 20 languages, and more than 200 published studies reported on about 35,000 elderly in various settings, including community, home care, hospitals, and much more, using this tool 
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Nutritional assessment tool for malnutrition in hospitalized elderly of 92% when it was compared with a clinical evaluation by two physicians specialized in nutrition, and 98% when compared with a comprehensive nutritional assessment, including biochemical tests, anthropometric measurements, and dietary assessment. 30, 31 Many studies had focused on the relationship of MNA with a biochemical test, specifically albumin levels, where some, but not all, had found that there is a correlation of MNA with albumin level probably due to the inflammatory effect of albumin. Total lymphocyte count (TLC), however, was found not to have any relationship with MNA, but lower scores of MNA have a relationship with an impaired immune function. 32 A previous study in the hospital setting has shown that low scores of MNA can predict poor outcomes, which include prolonged length of stay (LOS), high frequency of discharged patients' visits to nursing homes, and approximately three times increase in mortality. 32 MNA is also able to predict the number of drugs administered in both hospitals and nursing homes. In the context of healthy elderly populations, MNA can predict the risk of malnutrition before any changes in serum protein (but not in serum prealbumin levels) occurred, and other visible changes are identified based on the response to the questions on the dietary intake of MNA. The ability of MNA to predict the outcome however varies and is dependent on the care settings. In general, MNA can predict the risk of malnutrition before any significant changes in weight or serum albumin level occurred.
The validity of MNA was proven not only with the anthropometric and biochemical data but also with the body composition data. A study done in the Philippines found that MNA is accurate and reliable in nutritional screening and assessment of Filipino elderly patients, which was proven by the Bioelectrical Impedance Analysis (BIA) data. Malnourished patients identified using MNA showed a comparative BIA data with the BIA data cutoff value 6+ for elderly with malnutrition. Malnourished patients identified by MNA showed a lower weight (43 kg vs 55 kg, P,0.001), BMI (19.5 vs 24, P,0.001), fat weight (12 kg vs 16 kg, P=0.001), total body water (25 kg vs 27 kg, P=0.005), body cell mass (6 kg vs 9 kg, P=0.002), and body cell mass percent (13.5% vs 17%, P=0.01) and higher total body water percent (59% vs 53%, P=0.005), and showed no significant difference in fat percent (29% vs 31%, P=0.169) . 33 Furthermore, a study in Cairo showed that a high prevalence of malnutrition was identified by MNA accompanied by a reduced functional capacity as determined by using the activity of daily living and instrumental activity of daily living scales. 34 However, despite these benefits of MNA, the sensitivity is still in doubt because MNA has been related to a high risk of overdiagnosis. 28, 35 Furthermore, the need of caregiver's help to complete MNA, especially for the questions on weight loss, and cognitive or disabilities evaluation, is a limitation in using MNA. 36 Nevertheless, MNA has been used in most of the studies on the nutritional status of elderly, and it has been recommended to be used as an evidence-based screening tool for the elderly people. 37 
GNRI
GNRI was developed in 2005 by Bouillanne et al and was designed specifically for the elderly to identify and predict the nutritional-related complications among them. 23 The validity and reliability of GNRI has been well studied in most countries. 36, 38, 39 This tool is modified from the original version, NRI, developed specifically for the hospitalized elderly population. NRI was first introduced by Buzby et al in 1988 to score the severity of the postoperative complications by determining only the patient's weight change and albumin readings. 40 Since NRI was initially developed for young surgical patients, frequent problems occurred in determining the usual weight of elderly patients; thus, NRI is less reliable to be used among the elderly. 41 To solve these problems, the GNRI was developed, whereby the usual weight is replaced with the ideal weight as measured by the Lorentz formula. GNRI also uses lower cutoff values for different grades of risk that are associated with nutrition as compared to NRI. 23 It was designed and cross-validated with the aim to predict morbidity and mortality, which it did well in the design study (odd ratio .4).
28
Previous studies have attempted to compare GNRI with other more standardized indices, such as MNA and GNRI, where in both cases, it was found that GNRI is valid to be used among elderly, but mostly in combination with other indices. Nevertheless, most of the authors expressed a similar opinion that further evidence for supporting GNRI validity is still required. 41 Since then, its validity has been continuously studied across the world including in Cairo and Egypt. Those studies had found that GNRI is more suitable to be used for classifying the nutritional status and identifying nutritional-related complications among hospitalized elderly patients as compared to MNA. 38 In the aspect of assessing the nutritional status of elderly using GNRI for disease-specific cases, it was found that GNRI is able to predict mortality in hemodialysis patients, has close relationship with exercise tolerance, and is useful to be used as a nutritional assessment scale for COPD among the elderly and able to predict the survival time of the elderly 
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Abd Aziz et al patients with esophageal squamous cell carcinoma. [42] [43] [44] GNRI is said to be able to identify potential patients requiring nutritional support, and it appears that GNRI is practical and provides a reliable assessment in most health care settings, particularly for elderly with dementia, aphasia, or apraxia. 38 A recent cohort study has shown that GNRI has the ability to predict the LOS and in-hospital weight loss, whereby the elderly who were detected as having a nutritional risk by GNRI on admission had the tendency for a prolonged hospital stay and weight loss during hospitalization. 45 On top of that, it is less time-consuming as well as an easy tool to be used where minimum participation is needed to aid the clinical health care personnel, especially dietitians, to diagnose someone with malnutrition which are some of the added points as to why GNRI is accepted to be used as a tool for assessing the nutritional status of hospitalized elderly.
However, studies on the use of GNRI in Malaysia are very limited, and the validity of GNRI has not yet been evaluated among the elderly Malaysian population. Thus, study of GNRI validity among hospitalized elderly Malaysian population is needed before it is implemented or used in Malaysia. On top of that, MNA is a validated nutritional assessment tool and is widely reported among the elderly in the literature, and thus, a further study to compare the validity of MNA and GNRI, to identify which tool is most suitable to be used in the nutritional assessment process of hospitalized elderly Malaysian population, is suggested. A gold standard to diagnose the elderly with malnutrition is lacking, causing no appropriate treatment to be carried out. 46 Thus, further study on this matter may help the health care professional, especially the dietitians, to choose the most suitable nutritional assessment tool for the Malaysian population for a better improvement of the NCP to combat malnutrition issue among the hospitalized elderly.
Uses of biochemical parameters among hospitalized elderly
Determining the nutritional status of the elderly, however, does not only depend on single nutritional parameters. It has to be done in combination with various methods such as anthropometry, biochemical tests, and nutritional screening and assessment. 47 Simple biochemical parameters such as albumin, hemoglobin, and TLC have long been identified as indicators of the risk of malnutrition-related complications. [48] [49] [50] In Malaysia, studies on validity of nutritional screening tools developed for hospitalized elderly used GIM as the standard reference of malnutrition. 13, 21 GIM is a group of several nutritional assessment measures that are the most commonly accepted standards from the literature. It consists of not only anthropometric measurements (BMI and SGA) but also biochemical parameters (albumin, hemoglobin, and TLC). The patients were considered malnourished if two or more of the indicators in GIM were presented (a BMI ,16.0 kg/m 2 , SGA rating of rank C, and low biochemical parameters indicating two or more conditions -hypoalbuminemia, anemia, and low TLC).
Albumin has been widely used as a nutrition marker among other serum proteins synthesized by the liver (transferrin, retinol-binding proteins, and thyroxine-binding prealbumin) due to its ability to predict mortality and other outcomes including perioperative complications in older populations. 51, 52 However, albumin (and other serum proteins synthesized by the liver) is affected not only by nutritional status but as well as by inflammation and infection, which limits its usefulness in acute ill patients. Additionally, the long half-life of albumin limits its usefulness in assessing the short-term changes in both energy and protein intakes. Nevertheless, a study on the use of biochemical parameters in screening the nutritional status of surgical elderly patients suggested to screen albumin level during the patient's early admission to the wards. This will reduce the limitations of the use of albumin in screening those who are at risk of malnutrition. In addition, low hemoglobin level (anemia) was found to be associated with increased mortality risk in elderly, and it has been found that anemia due to malnutrition affects one-third of total elderly populations. This may happen as energy and protein malnutrition causes an increase in the production of cytokines with stimulation of inflammation, immunodeficiency, and anemia. 53 Low TLC, on the other hand, represents a poor prognosis, and it is associated with low albumin as well. 51, 54 The etiology behind this is that malnutrition causes impairment of immune system and lymphocyte proliferation reduction. 54 However, out of these simple biochemical markers, there is no single parameter which shows convincing results in the screening test for malnutrition. There is an argument as to whether these simple biochemical parameters reflect the nutritional status or they reflect the state of illness. 52 A complex biochemical assessment tool has been developed and validated to assess the nutritional status of patient pre-op. 55 However, the use of this tool in clinical setting is very limited, which causes the important factors of malnutrition to be overlooked. Thus, simple biochemical parameters could be used in detailed assessment and monitoring purposes.
52,56

Conclusion
In summary, based on the previous studies, the prevalence of malnutrition among hospitalized elderly shows an increasing 
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Nutritional assessment tool for malnutrition in hospitalized elderly trend across the world. [9] [10] [11] [12] [13] Underdiagnosis of malnutrition may be the root cause of this problem. However, malnutrition can be identified through nutritional screening and assessment tools. A wide variety of nutritional tools are available nowadays, but they should be reliable, validated, and easy to use. 30 SGA, MNA, and GNRI are the common validated nutritional assessment tools used among the hospitalized elderly. SGA is, however, not recommended for use in geriatric population as it has low validity to be used among this group, and most studies suggest using nutritional assessment tools developed specifically for elderly. MNA and GNRI have been shown as widely acceptable to be used in the hospital setting. Nonetheless, the results of the studies determining which tool is the best for assessing the nutritional status of this population remain contradictory. The ESPEN recommended to use MNA, but due to low specificity and difficulties in completing the full assessment without the help of caregiver, the use of MNA is limited. GNRI has its own strength on this matter. Its comparable benefits with MNA and its simplicity could help in reducing the time spent on the nutrition assessment process, and thus, a nutrition intervention can be provided as soon as possible to the affected patients. However, studies on the use of GNRI in Malaysia are very limited, and further study on this is suggested. Above all, nutritional status of the hospitalized elderly cannot be determined by only referring to a single nutritional parameter. Thus, simple biochemical parameters such as albumin, hemoglobin, and TLC can be used in combination with nutritional screening and assessment tools to identify those who are malnourished.
